The elementsare presentlybeingusedto studythe endeffects associated with duct terminations within finite enclosures. The model utilized in this study is essentiallya helmholtz resonator whichconsistsof two cavities connected by a duct, the overall enclosurebeingsymmetric about the midpoint of the duct. By solvingfor the lowest non-zero eigenpair,the acousticpressurecontourscanbe plotted (seefigure 1 for example)and the equivalentattached masscalculated. Throughvariations in the geometry of the duct termination andthe location of the cavity walls, designcriteria are beingdeveloped.
The transmissionlossesassociatedwith varioussilencersandsidebranches in ductsis also beingstudiedusingthe same elements. The inlet andoutlet ducts are modelledas havinginfinite lengthsandthe inlet and outlet waves are forced to be plane. Both the transmission lossspectrum for a particular frequency rangeandthe pressureprofile for a specificfrequencycanbegenerated.As a test of both the program andthe elements, a comparisonwas donewith experimental data gatheredby Blaser andChung(1) for an expansionchambersilencer. The model of the silencer was basedon the useof two quadrilateral cubicelements per wavelengthover the frequenciesof interest, andthe resulting transmission lossspectrumisvery closeto the experimental(seefigure 2). This paper discusses a method for numerical evaluation of the vibrations of a cylindrical shell structure induced by a low-speed external turbulent flow. The direction of flow is along the axis of revolution of the shell (see Figure I) , and the source of excitation is the pressure fluctuations in the turbulent boundary layer (TBL).
For the investigation of vibration and noise problems it is usually more desirable to utilize the modal expansion approach.
The axisymmetric shell structure shown in Figure I can be modeled by the assemblage of conical-shell finiteelements.
This modeling allows the eigenfunction _mn(X,8) to be represented in a rectangular product of a longitudinal modal function fmn(X) and a circular harmonic function cos m0 (or sin mg), i.e., The forcing function from the TBL is assumed to be spatially homogeneous and temporally stationary.
It is commonly expressed in terms of the wavevectorfrequency spectrum @ (k ,k ,_) where k is the streamwise wavenumber and k 3 P z a I is the transverse wavenumber.
For the calculation of the structural acceptance with this forcing function, the structural modes must also be expressed in wavenumber space.
This can be accomplished by taking a spatial Fourier transform of the modes.
The flnite-element modeling provides the computed eigenfunction defined at a set of discrete points.
If the grid points on the flow surface are equally spaced, a Fast Fourier Transform (FFT) routine may be used.
From the FFT spectral coefficients, we may express
where U is one less than one half of the total number of FFT data points and L is the axial length of the structure.
The effective modal input spectral density _mn(m) from the TBL can be evaluated as follows,
where A is the total area of the flow surface, J2mn,mn(_) is the modal jointacceptance (or called self-acceptance), which provides a measure of the degree of coupling between the turbulent pressure field and the structure, and _(_) is the frequency spectrum of the TBL pressure fluctuations.
The joint-acceptance can be computed by the following summation, i.e.,
where R is the radius of the cylindrical shell.
Often it is required to evaluate the summation up to the convection wavenumber. This requires that the number of FFT data points to be approximately mL/_Uc, where U c is the convection velocity of the TBL.
If the length L of the structure is large and the frequencies of interest are high, the required data points will generally exceed the number of finlte-element grid points. This difficulty can be overcome by obtaining additional data points from spline fitting and interpolation of the eigenfunctions.
If the size of structure is larger than the correlation length of the pressure field, the cross-modal acceptance J2mn,m,n,(m), can be neglected. In this case, the structural displacement response spectrum [s(m)] evaluated at 8 = eo can be calculated as follows:
where [_] is the assembly of eigenvectors, each column represents one eigenvector {fmn(X i) cos moo}.
Hmn(m) is the modal admittance function which is defined as -i
and where Mmn is the mode mass, _mn is the structural modal loss factor, and 6mn is the modal acoustic loss factor.
The most difficult task in the numerical evaluation of flow induced vibration is the uncertainty about the forcing functions, i.e., the wavevector-frequency spectrum.
Several theoretical forcing function models have been published in recent years, all of them require an empirical fit with experimental data. Published experimental data are very widely scattered depending on the measuring facility, surface property, the method of scaling the data, etc.
Selection of a suitable forcing function model and the experimental data thus depend heavily on experienced engineering judgement and knowledge of how the experimental data are obtained. of Dittmar, et.al 5 have been made for the SR-3 propfan, and found to be within 4% for the acoustic near field in the propeller disc plane 6" The acoustic far field is calculated from the near field primitive variables as generated by NASPROP-E computer code using a method involving a perturbation velocity potential as suggested by Hawkings _ in the calculation of the acoustic pressure time-history at a specified far field observed location.
The methodologies described are valid for calculating total noise levels and are applicable to any propeller geometry for which a flow field solution is available. The purpose of this paper is to explain and illustrate a new matrix method for rapid wave propagation modeling in generalized stratified media, which has recently been applied to numerical simulations in diverse areas of underwater acoustics, solid earth seismology, and nondestructive ultrasonic scattering.
This report summarizes a portion of recent effortsjointly undertaken at NATO SACLANT and NORDA Numerical Modeling groups in developing, implementing, and testing a new fast general-applications wave propagation algorithm, SAFARI, formulated at SACLANT by Schmidt (1982). Historically, most algorithms for computing acoustic transmission loss, synthetic seismic time series, and ultrasonic beam scattering have been separate applications-specific programs, using a (local) Thomson-Haskell propagator matrix to recursively propagate the complete wavefield solution across all layers. In contrast, the present generalapplications SAFARI program uses a Direct Global Matrix Approach to multilayer Green's function calculation. A rapid and unconditionally stable solution is readily obtained via simple Gaussian elimination on the resulting sparsely banded block system, precisely analogous to that arising in the Finite Element Method. The resulting gains in accuracy and computational speed allow consideration of much larger multilayered air/ocean/earth/engineering material media models, for many more source-receiver configurations than previously possible. The general mukisource capability aUowschoice of number and location of point or line sources, for monofrequency transfer function, field contour or beam analysis, and broadband pulse modeling, in plane or cylindrical geometries, for a general n-layered system. The only effective limit is computer virtual memory, which on a VAX 11/780 + FPS 164, allows as many as 250 layers/100 receivers/50 sources/2000 Hz bandwidth.
We demonstrate the validity and versatility of the SAFARI-DGM method by reviewing three practical examples of engineering interest, drawn from ocean acoustics, engineering seismology and ultrasonic scattering. Extension of these results to further infrasonicand atmospheric noise modeling (aswell as nondestructive evaluation) is immediate. Scattering from submerged objects consisting of separable boundaries, such as spheres and infinite cylinders, is amenable to closed-form solution by normal mode theory. Results from extensive investigations of these objects has been extremely fruitful in understanding resonance phenomena, background contributions in the absence of resonances, and geometrical effects that give rise to diffraction phenomena. However, when one wishes to examine arbitrary shapes, it is necessary to resort either to approximate theories (valid under limiting assumptions) or numerical methods that adequately treat the problem in question. It has, in fact, proven very difficult to describe scattering from general objects without resorting to frequency-limiting approximations. In this Forum, we describe a numerical procedure, namely, the "extended boundary condition" (EBC) method, together with its applications for treating a variety of problems. The method was established by Waterman I for electromagnetic scattering in 1965, and was extended to acoustical scattering by him in 19692. It is sometimes referred to as the "null-field" method in electromagnetism, the "field equivalent principle," or more generally as the T-matrix method. This last nomenclature is unfortunate, since any of a variety of methods can lead to a transition matrix relating the scattered to the incident field, while the EBC or null-field terminology more properly reflects the fact that one is employing a boundary integral technique.
Some of the salutary features of this approach are that (1) the method yields unique solutions to the exterior problem; (2) the transition matrix is independent of the incident field; (3) the method is not frequency-limiting, though it is more efficient for intermediate frequencies; (4) the method can work for a large variety of shapes.
To represent the final results in terms of matrices, one expands all appropriate physical quantities in terms of partial wave basis states. This includes expansions for the incident and scattered fields and the surface quantities (i.e.,surface displacement, surface traction, etc.). The method then utilizes the HuygenPoincar_ integral representation for both the exterior and interior solutions, leading to the required matrix equations. One thus deals with matrix equations, the complexity of which depends on the nature of the problem. We show, however, that in general a transition matrix T can be obtained relating the incident field A with the scattered field f having the form T = PQ-1, where f = TA. The structure of Q can be quite complicated and can itself be composed of other matrix inversions such as arise from layered objects. We focus on recent improvements in this method appropriate for a variety of physical problems, and on their implementation. We outline results from scattering simulations for very elongated submerged objects and resonance scattering from elastic solids and shells. Significant structural improvements such as the coupled higher-order method 3, and the unitary method 4, which lead to more tractable forms of the transition matrix enabling one to avoid matrix inversions and other numerical problems. The final improvement concerns eigenfunction expansions of surface terms, arising from solution of the interior problem, obtained via a preconditioning technique. This effectively reduces the problem to that of obtaining eigenvalues of a Hermitian operator.
l?
This formalism is reviewed for scattering from targets that are rigid, sound-soft, acoustic, elastic solids, elastic shells, and elastic layered objects. We present two sets of the more interesting results. The first concerns scattering from elongated objects, and the second to thin elastic spheroids. Figure 1 illustrates scattering from a spheroid with aspect ratio 30 for a KL/2 value of 30. Here K is the incident wavenumber and L the object length. We show the case of scattering along the axis of symmetry and 300 and 600 relative to the axis of symmetry and broadside. Elongation effects at 300 and 600 are particularly noticeable where the reflected wave occurs at the same angle as the incident wave relative to the symmetry axis, similar to the plane scattering case. At 0°and 900 the flux is allowed to proceed mainly in the forward direction, with broadside scattering creating the greatest disturbance. Figure 2a shows resonance phenomena from backscattering from a very thin aluminum spheroid, plotted against KL/2. Scattering here occurs along the axis of symmetry for a spheroid of aspect ratio 3-to-1. Because of the thin nature of the object, its scattering response is like that of a sound-soft object in the absence of resonance. This is verified by subtracting the sound-soft background from the exact elastic calculation, leaving only the resonance response (Figure 2b) . Figure 2c is a plot of relative phase for the elastic and sound-soft calculations. Note that the phase is almost zero except at a resonance, where it undergoes a rapid phase-change of 180°, typical of this type of resonance. (--) predicted Radial Position The differences between these two cases are similar to those between laminar and turbulent boundary layers.
The analysis is extended for N>2. In this case, the phenomena of non-integrability and non-deterministic "chaotic" solutions occur. Examples of this type of motion are included.
The results of the study indicate that the separation of vortices is an important factor in the noise production of boundary layer flow. Thus, the possibility of control of this separation has implications to the development of turbulence within the boundary layer and its noise radiation and may offer a potential for drag reduction. However, it may prove difficult to obtain even a small degree of control over vortex spacing within a boundary layer. The possibility of doing this must be the subject of future experimental and analytical work. 
